The in vivo transalveolar movement of endogenous albumin (molecular weight of 69,000 daltons and molecular radius of 35 A) and exogenous dextrans (molecular weight of f50,000 to 170,000 and molecular radius of approximately 100 A) was measured in the saline-filled segment of the canine lungs according to a previously established method. 6 Briefly, mongrel dogs weighing between 12 and 15 kg (26 to 33 lb) were anesthetized with intravenous administration of 30 mg of pentobarbital per kilogram of body weight, were intubated, and were ventilated with a respirator (Harvard) at a fractional concentration of oxygen in the inspired gas of 1.0, a tidal volume of 15 ml/kg, and a respiratory rate of 12 breaths per minute. The kidneys were externalized, and the renal pedicles were ligated to ensure a "closed" vascular compartment with no subsequent urinary loss of intravascular tracers (as discussed subsequently). Tracheotomy was performed, and a Carlens endotracheal tube was inserted to separate the lungs. In selected animals a Swan-Ganz catheter was placed into the pulmonary artery under pressure monitoring. All animals had femoral arterial blood pressures monitored continuously.
MATERIALS AND METHODS
The in vivo transalveolar movement of endogenous albumin (molecular weight of 69,000 daltons and molecular radius of 35 A) and exogenous dextrans (molecular weight of f50,000 to 170,000 and molecular radius of approximately 100 A) was measured in the saline-filled segment of the canine lungs according to a previously established method. 6 Briefly, mongrel dogs weighing between 12 and 15 kg (26 to 33 lb) were anesthetized with intravenous administration of 30 mg of pentobarbital per kilogram of body weight, were intubated, and were ventilated with a respirator (Harvard) at a fractional concentration of oxygen in the inspired gas of 1.0, a tidal volume of 15 ml/kg, and a respiratory rate of 12 breaths per minute. The kidneys were externalized, and the renal pedicles were ligated to ensure a "closed" vascular compartment with no subsequent urinary loss of intravascular tracers (as discussed subsequently). Tracheotomy was performed, and a Carlens endotracheal tube was inserted to separate the lungs. In selected animals a Swan-Ganz catheter was placed into the pulmonary artery under pressure monitoring. All animals had femoral arterial blood pressures monitored continuously.
Following these experimental procedures, 10 gm of dextran with a molecular weight of 150,000 to 170,000 in 50 ml of a 0.9 percent solution of sodium chloride was injected intravenously, and one hour was allowed for a constant level to be achieved in the blood. Animals were then tilted to the 30° to 35° semiupright position; the left arm of the Carlens tube was clamped at the end of expiration, and 15 minutes later (after atelectasis had occurred), a solution with a specific pH (discussed subsequently) was instilled at a dosage of 3 to 5 ml/kg into the left lung via a No. 
RESULTS

Hemodynamic and Physiologic Data
Hematocrit readings, systemic blood pressure, mean pulmonary arterial pressures, and pulmonary wedge pressures (Table 1 ) remained relatively constant over time in all groups, although in group 1, the systolic blood pressure slowly decreased over the course of the experiment. In addition, hematocrit readings in group 2 were higher than the other groups but did not change over time. As expected, the arterial oxygen pressure decreased significantly following instillation of pulmonary liquid in all groups; this was reflected by an increase in shunt from an average of 8 ± 2 percent to 51 ± 4 percent (all groups combined at 30 to 60 minutes after instillation of pulmonary liquid). Just prior to termination of the experiments, the shunt (for all groups combined) had increased to 54 ± 5 percent (not significant).
Time for 50 Percent Equilibration
Values for the time for 50 percent equilibration of albumin between the blood and pulmonary liquid (Table 2) decreased from 3,653 ± 753 minutes in the control group 4 to 527 ± 90 minutes in group 1 and 861 ± 154 minutes in group 2 (all P < 0.05); in group 3 (pH of 3.5), the values did not change significantly compared to control values. Times for 50 percent equilibration of dextran parallelled those for albumin, as there was a significant decrease for groups 1 and 2, compared to control. Interestingly, the times for 50 percent equilibration were longer for all groups (except group 3) for dextran, coinpared to albumin; this would be expected due to the larger size of the molecules of the dextrans.
Since it could be argued that instillation of such large dosages of an acidic solution (3 to 5 ml/kg) into a small area of the lung may not be clinically relevant and could decrease the applicability of this method to clinical problems, we performed three additional studies as follows: Animals were prepared in the usual manner (as discussed previously ), and following the induction of atelectasis of the left lung, a 0.9 percent solution of sodium chloride with a pH of 1.5 was infused into the right lung at a dosage of 1% ml/kg. Thirty minutes later, 80 to 90 ml of a 0.9 percent solution of sodium chloride with a pH of 4.5 or greater was also infused into this lung, and samples of liquid and blood were taken every 30 minutes for determination of times for 50 percent equilibration of albumin and dextran with a molecular weight of 150,000 to 170,000. This variation in our model was studied to confirm that lower, more clinically relevant dosages of acidic aspirate would induce the same change as the larger dosages (3 to 5 ml/kg). The time for 50 percent equilibration of albumin was 364 ± 147 minutes and for dextran was 427 ± 107 minutes. Neither value is significantly different from group I (discussed previously). We thus conclude that instillation of pulmonary liquid at a dosage of 3 to 5 ml/kg causes the same changes in permeability as smaller (1% ml/kg), more clinically relevant dosages.
Levels of Histamine
Levels of histamine in the blood (Table 3) were comparable in all groups (although tending to be higher [not significantly] in group 2) and did not change significantly following instillation of pulmonary liquid. Levels of histamine in the pulmonary liquid in group 1 (pH of 1.5) were significantly increased at all times, when compared to all other groups (P < 0.01). Levels of histamine in the pulmonary liquid in group 2 (pH of 2.5) were lower than in group 1 but higher (P < 0.05) than in groups 3 and 4. When the remaining groups were compared with regard to levels of histamine in the pulmonary liquid at comparable times, there was no significant difference between groups 3 and 4.
DISCUSSION
The physiologic consequences of aspiration of acid in the experimental animals have been well described and include (depending on the dosage of aspirate and the experimental design) transient apnea, rapid onset and progression of hypoxemia, hypoeapnia, decreased compliance, hemoconcentration, decreased cardiac output, and metabolic acidosis. Pathologic evaluations of aspiration of acid at various times following the insult has revealed evidence of alveolar collapse, intra-alveolar edema, destruction of type-1 alveolar lining cells, bronchiolar epithelial degeneration, exudation of fibrin, and intracapillary polymorpholeukocyte trapping. 1511 " 14 Prom a combination of these physiologic and pathologic changes, it has been postulated that aspiration of acid leads to disruption of the pulmonary alveolar capillary membrane, with exudation of plasma from the pulmonary microvasculature. Quantitative evaluation related to the molecular weight or size of substances which flow from the pulmonary capillaries has not been reported, except for the study of Awe et al, 2 who found that the composition of the bronchiolar secretion in response to the aspiration of hydrochloric acid (pH of 1.0), when evaluated by electrophoresis, paralleled the levels of albumin and globulin that were found in the plasma. Their results indicate that between 1 and 45 minutes after aspiration of acid, the levels of albumin and globulin have already reached maximum in the bronchial secretions. Our results would tend to confirm and extend these results in a quantitative manner, in that we found a marked decrease in the time for 50 percent equilibration (an increase in alveolar epithelial permeability) for substances with molecular weights up to 170,000 daltons (molecular radius of approximately 100 A) with pulmonary aspiration of liquids with a pH of 1.5 and 2.5.
As noted, the time for 50 percent equilibration for both albumin (molecular weight of 69,000 daltons and molecular radius of 35 A) and dextran with a molecular weight of 170,000 decreased progressively from a pH of 3.5 to a pH of 1.5. In addition, in animals from group 3 that had an aspirate with a pH of 3.5, there was no significant difference in the time for 50 percent equilibrations, as compared to control values (groups 4), for either albumin or dextran with a molecular weight of 170,000. When the times for 50 percent equilibration of albumin were compared to those for dextran with a molecular weight of 170,000 in each group, the times tended to be longer for the substances with larger molecular radii (Table 2) . Thus, it can be seen that with progressive decreases in pH to 2.5 or below, there are decreases in the time for 50 percent equilibration that are significant compared to baseline values.
The cause of this increased alveolar epithelial permeability associated with aspiration of acid would seem to be a direct burn injury to the alveolar epithelium; 11 however, it is possible that chemical mediators such as histamine could play a role in increasing permeability. 3 To test this hypothesis, we measured levels of histamine in the pulmonary liquid in all groups and found a marked increase in levels of histamine in group 1 (pH of 1.5) (and a lesser increase in group 2, with a pH of 2.5), when compared to all other groups (Table 3) . It is therefore possible that the release of histamine that is associated with aspiration of acid may play a role in the increased alveolar epithelial permeability. Lerner et al 15 found that with aspiration of acid (3 mg of a 0.1N solution of hydrochloric acid per kilogram of body weight in dogs), there were transient increases in the levels of histamine base in the blood, but pretreatment of the animals with Hi or H2 histamine-receptor antagonists had no effect on the physiologic changes associated with aspiration of acid. Although we could not find any increase in the levels of histamine in the blood, our fluorometric method may not be sensitive enough to detect such small changes.
We thus conclude that our experimental model reproducibly measures increased alveolar epithelial permeability associated with aspiration of acid (pH of 2.5 or less) and may be useful in measuring the effects of steroids in the treatment of aspiration of acid. In addition, the role of pulmonary histamine in inducing the increased alveolar epithelial permeability needs to be further elucidated.
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ADDENDUM
Since acceptance of this article for publication, it has been reported that in the anesthetized rabbit, acid aspiration with a pH of less than 2.5 causes an increase in alveolar capillary membrane permeability to small molecular weight substances when traced from the lung liquid to the blood. 
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